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Abstract
The goal of this thesis is to study the effect that external influences had on tornadogenesis from
February-May 2014. The region of study is the states of Alabama, Mississippi, Tennessee, and
Georgia. The external influences that will be investigated are thermal boundaries, gravity waves,
and topography. Past research into external influences, as well as internal influences, will be
discussed. Researchers know a lot about external influences and how they can strengthen or
weaken tornadoes, but they still are not exactly sure how it is done. These are questions that will
be addressed in future studies and ongoing research. This study will document tornadic activity
during the specified time frame. The EF-rating, path length, and path width of each tornado that
occurs in the study region will be detailed. Also, the classification of each parent storm that
produces a tornado will be noted. Environmental conditions and external influences that may
have played a role in tornado development will be another objective of this study. The main
hypothesis this study hopes to address is that external influences are present in a significant
number of tornado events in Alabama, Mississippi, Tennessee, and Georgia. This study will
hopefully help meteorologists to consider external influences when making forecasts.
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1. Introduction
Tornadoes are a major concern to people when severe weather season arrives. People usually
think Tornado Alley is where all the large and violent tornadoes occur in the United States.
Statistics on tornadoes and tornado outbreaks show that this is not the case at all. Many people
came to realize that this belief is not true after the violent tornado outbreak on April 27, 2011.
This outbreak mainly affected Alabama, but Mississippi, Tennessee, and Georgia were also hit.
There were a total of 199 tornadoes in the outbreak, including 4 EF-5’s and 11 EF-4’s. The
number of tornadoes that occurred stunned a lot of people around the country. Many wondered
how the tornadoes could be so violent and destructive. Most of the explanations given were
based on parameters such as instability, wind shear, and CAPE measurements. Hardly anyone
even thought about the role of thermal boundaries, gravity waves, and topography. These
external influences seemed to have played a significant role in the April 27 outbreak. The goal of
this proposal is to study the effect of external influences on tornadogenesis. The region the study
will focus on is the states of Alabama, Mississippi, Tennessee, and Georgia. Using April 27 as
motivation, this study will investigate the role of external influences on tornadoes during the
time period of February-May 2014. The study is important because it will shed light on how
tornadoes may be strengthened or weakened by interactions with boundaries, waves, or
topography. Results from this study could help meteorologists to predict if and when tornadoes
will be affected by boundaries or waves. This would benefit citizens of the study region by
allowing them to have better information regarding how strong the tornado might be. This might
influence where and when they take shelter. Studying external influences will be beneficial to the
safety of people in harm’s way and the ability of meteorologists to warn people of tornadoes.
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The results of this study did support the hypothesis that external influences are present in a
significant number of tornado events in Alabama, Mississippi, Tennessee, and Georgia. There
were a total of 78 tornadoes in the region of study from February-May 2014. A large proportion
of these tornadoes was affected by external influences, some by all three external influences
addressed in the study. Although NWS offices in all four states were used in the study, the main
focus from this region of study was the Huntsville NWS office. The Huntsville CWA was
affected by two tornado outbreaks, the February 20-21 and the April 28-29 outbreaks. The
effects of topography, gravity waves, and thermal boundaries on tornadoes in the Huntsville
CWA were investigated. A total of 21 tornadoes occurred in the region, and 19 of those were
affected by external influences. There were no track files provided by the Huntsville NWS for
the Flintville, TN and Hazel Green, AL tornadoes, so it was unknown if topography affected
these tornadoes. Due to gaps in stations and lack of stations, it was unknown if thermal
boundaries played a role in tornadogenesis for several of the tornadoes. For the Birmingham,
Jackson, and Peachtree City NWS offices, only the effect of topography on tornadoes was
studied. Track files were provided by each of these offices, so the effect that topography had on
each tornado could be documented. The effect of topography on tornadoes in the Nashville,
Memphis, and Mobile CWA’s was going to be studied, but each of these NWS offices did not
have track files for the tornadoes. Therefore, this study has results for the Huntsville,
Birmingham, Jackson, and Peachtree City NWS offices. The main tornado outbreaks during the
time period of the study were the February 20-21 and April 28-29 outbreaks. These mainly
affected the Huntsville, Birmingham, and Jackson CWA’s, but did produce a few tornadoes in
the Peachtree City CWA. The results of this study show that the hypothesis was valid and that
external influences have a major effect on tornadoes.
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2. Background
Tornadoes are influenced by a variety of different processes that affect their path and their
strength. Researchers usually split these processes into internal and external influences. Internal
influences are processes such as updraft, downdraft, and vorticity stretching that play a direct
role in the formation and evolution of tornadoes and are a part of the parent storm. External
influences are processes such as boundaries, waves, and topography that play an indirect role in
tornado formation and are not a part of the parent storm that produces the tornado. The next
couple of sections will focus on these internal and external processes separately.
2.1 Internal Influences
First, updrafts in tornadoes that form from supercells will be discussed. An updraft is an
upward current of warm, moist air into a thunderstorm that leads to the development of rotation
aloft. An updraft in a supercell is rotating, meaning air parcels that enter the updraft spin like
spiraling footballs, known as streamwise vorticity [Markowski and Richardson, 2013]. These air
parcels are warmer than their surroundings in an unstable atmosphere. The horizontal spin of
these parcels becomes vertical as they are drawn into the updraft, which leads to the development
of a midlevel mesocyclone [Markowski and Richardson, 2013]. The updraft only causes air
parcels to develop vertical spin as they rise away from the ground. This means the updraft’s
tilting of the streamwise vorticity that develops in the storm’s environment cannot produce a
tornado [Markowski and Richardson, 2013]. For a tornado to form, rotation has to develop near
the ground, which will be discussed later. For a QLCS, the motion of a storm produced cold pool
and environmental shear cause horizontal vorticity and their interaction can cause a powerful
updraft [Allis and Hoffman]. The advancing cold pool cuts into the warm air out ahead of it,
which forces this air upward. When the horizontal vorticity of the wind shear and cold pool are
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similar, the updraft will be at its strongest. Tilting of the horizontal spin in a QLCS can be caused
by the updraft or downdraft. Once some part of the horizontal vortex is tilted into the vertical, a
smaller updraft maxima stretches the column, intensifying the vertical vorticity and forming a
mesovortex [Allis and Hoffman]. Mesovorticies build upwards and tend to form along the
leading edge of the QLCS near the downdraft region [Allis and Hoffman]. The downdrafts of
supercells and QLCS’s will be discussed next.
The development of rotation next to the ground requires a downdraft, which is a sinking
current of cold air. The air parcels in a downdraft are cooler than their surroundings due to the
evaporation of rain. Once air from the downdraft reaches the ground, it spreads away from the
storm as outflow [Markowski and Richardson, 2013]. Supercell updrafts are strong enough to lift
air parcels from the cool outflow towards the updraft. Outflow air parcels drawn towards the
updraft gradually descend as they travel to the updraft because they are cooler than their
surroundings [Markowski and Richardson, 2013]. These parcels undergo a horizontal
temperature gradient because they have warm air to their left and cool air to their right. This
horizontal temperature gradient generates baroclinic vorticity, meaning a torque is applied to the
parcels because the warm air is rising and the cool air is sinking [Markowski and Richardson,
2013]. The horizontal temperature difference between the warm and cold air causes the parcels
to acquire horizontal spin. As the parcels near the ground, their horizontal spin is tilted into the
vertical. In this way, vertical rotation can be acquired near the ground within parcels that have
recently undergone descent and baroclinic vorticity [Markowski and Richardson, 2013]. The
evolution of this vertical rotation resembles the evolution of the pitch of a landing airplane. This
near ground rotation is necessary for tornadogenesis to occur. In a QLCS, a gust front advances
ahead of the line of storms and sometimes starts to bulge outward. This is because local maxima
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in the downdraft are produced, forcing the air in this region to move quicker and out ahead of
neighboring parcels [Allis and Hoffman]. Due to baroclinicity across the gust front, horizontal
vorticity is produced, which then undergoes tilting either by the updraft or downdraft. As
mentioned earlier, a mesovortex forms along the leading edge of the QLCS near the downdraft
region.
The rotation that develops next to the ground due to the downdraft needs to be intensified in
order for tornadogenesis to occur. This intensification comes from what is known as
conservation of angular momentum, also known as vorticity stretching. Just as a figure skater
spins faster as she draws her arms closer to her axis of rotation, the rotating air next to the ground
will spin faster if it can be drawn inward toward its axis of rotation [Markowski and Richardson,
2013]. Air will accelerate upward as the spinning air converges, rising higher as the air below
spins faster. The air parcels that are near the ground are cooler than the surrounding environment
because they descended in the downdraft. They have to be accelerated upward in order to
promote convergence, which will lead to the rotation being intensified. In order for this to occur,
the parcels must not be too cold or the updraft of the supercell must have unusually strong
suction just above the ground [Markowski and Richardson, 2013]. This suction is due to the
overlying updraft’s rotation. The VORTEX project showed that air parcels from the downdraft
are sometimes a few degrees colder than the environment. The combination of slightly colder air
and strong suction from the overlying updraft make it likely that convergence near the ground
will be strong enough to intensify vertical vorticity to tornado strength [Markowski and
Richardson, 2013]. The parcels of air near the ground spin faster as they near the axis of rotation
and ascend rapidly. If the parcels near the ground are much cooler than the environment, they
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will resist being accelerated upward. This will keep the near ground rotation below tornado
strength.
2.2 External Influences
First, the effect of thermal boundaries on tornadic storms will be discussed. These are
preexisting outflow boundaries not associated with the tornadic storm. During VORTEX-95,
about 70% of the significant tornadoes that formed from supercells occurred near low-level
boundaries [Markowski et al., 1998]. This study focused on preexisting mesoscale boundaries
and outflow boundaries from other storms. Horizontal vorticity generated at boundaries may be
an important source of vorticity for low-level mesocyclones due to tilting and stretching
[Markowski et al., 1998]. This means that horizontal vorticity at boundaries can be tilted into the
vertical without needing much stretching. This would make it easier for low-level mesocyclones
to form, increasing the chances for a tornado to develop. Also, a supercell with a vigorous
updraft can easily tilt and stretch the low-level horizontal vorticity within the boundary if air is
drawn from beneath the boundary into the updraft [Markowski et al., 1998]. Air from beneath the
boundary could possibly strengthen the supercell’s updraft due to enhanced moisture depth at the
boundary. Supercells can generate some horizontal vorticity on their forward flanks, which can
augment the horizontal vorticity already existing in the inflow, which in turn may have been
augmented by the effects of a nearby boundary [Markowski et al., 1998]. This augmentation of
horizontal vorticity by a boundary is important for tornadogenesis. A supercell must draw inflow
from the boundary’s cold side in order for horizontal vorticity to be relevant in tornado
formation. Due to this, supercells that move along a boundary can be maintained longer than
supercells that move across a boundary [Markowski et al., 1998]. This is backed up by the fact
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that modeled supercells were strongest and longest lived when they traveled along or parallel to
an existing boundary [Bunkers et al., 2006].
The effect of gravity waves on tornadic storms will now be discussed. Doppler radar
sometimes indicates one or more narrow bands of lighter reflectivity approaching a thunderstorm
from its right flank [Coleman and Knupp, 2008]. Once these bands interact with the storm, the
mesocyclone intensifies and tornadogenesis sometimes occurs. These reflectivity bands are
gravity waves, not outflow boundaries from previous storms. The stretching of preexisting
vorticity in the waves could significantly alter the vorticity within a mesocyclone [Coleman and
Knupp, 2008]. Also, vertical wind shear in the waves produces horizontal vorticity, which may
be tilted into the vertical when it interacts with a mesocyclone [Coleman and Knupp, 2008].
There have been several instances where the interaction between a gravity wave and a
mesocyclone has resulted in a tornado being formed. On April 27, 2011, a supercell was
intersected by two gravity waves and later produced an EF-4 tornado in Jackson County,
Alabama. After the second gravity wave interacted with the supercell, the rotational velocity
within the supercell increased from 7 m/s to 18 m/s [Knupp et al., 2013]. On December 16, 2000,
an EF-4 tornado struck Tuscaloosa, AL after the supercell merged with a gravity wave. When the
wave ridge intersected the supercell, rotational velocity and vorticity increased quickly, leading
to the tornado less than 15 minutes later [Coleman and Knupp, 2008]. Gravity waves can also
have an impact on QLCS storm systems, such as the storm that produced a tornado in Fayette
County, AL in 1999. Two gravity waves intersected a broken QLCS and the mesocyclone
became more defined and its vorticity increased, leading to the tornado a short time later
[Coleman and Knupp, 2008].
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Now the effect of topography on tornadic storms will be discussed. This has not been
investigated as thoroughly as the other two external influences previously discussed. However,
simulations of tornadoes interacting with topography have shown that modest amplitude
topography can significantly alter tornado strength, structure, and path [Lewellen, 2012]. There
have been several studies of storms that have undergone tornadogenesis over rough terrain. One
example is the supercell that produced an EF-3 tornado that ripped through Great Barrington,
Massachusetts in 1995. The storm’s mesocyclone slowly intensified as it moved over the Hudson
River valley and intensified rapidly as it moved up the highlands east of the Hudson River,
producing a tornado [Bosart et al., 2006]. It then weakened rapidly as it approached the Taconic
Range and intensified again as it moved downslope into the Housatonic Valley, which led to the
Great Barrington tornado [Bosart et al., 2006]. Topography also played a role in the QLCS that
produced two tornadoes in Huntsville, AL in 2013. As one of the mesovorticies descended
Huntsville Mountain, rotational velocity and vertical vorticity increased, leading to the Lily
Flagg Rd. tornado [Lyza et al., 2013]. Some of the storms on April 27, 2011 were affected by
topography in Alabama. In the early morning QLCS that affected north Alabama, a mesoscale
vortex within the QLCS produced 12 tornadoes in a 30 minute period as it moved over rough
topography [Knupp et al., 2013]. Besides strengthening tornadoes, topography can also change
the track of the tornado.
2.3 Summary of Research
Even though many studies have been done on internal and external processes, there are still
several things researchers don’t know. They know that downdrafts play a major role in tornado
formation in supercells, but they don’t know how smaller scale downdrafts can trigger
tornadogenesis. It is known what causes vertical rotation near the ground, but it is unclear how
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the horizontal spin that’s generated by friction between the ground and air contributes to rotation
near the ground [Markowski and Richardson, 2013]. The development of tornadoes in supercells
is understood, but scientists are not sure why some supercells do not produce tornadoes.
Researchers are still investigating how to identify environments favorable for QLCS tornadoes to
form. For external influences, meteorologists know that topography can strengthen tornadoes,
but it is unclear exactly how that process works. Boundaries are known to be important for
supercells, but how they evolve and the way they work is still being investigated. The effect of
gravity waves on mesocyclones has been documented, while the effect of mesocyclones on
waves is not understood. Researchers are still looking at why some supercells that pass over
rough terrain are not intensified. How gravity waves form and how to predict when they will
intersect with a storm are questions that remain to be answered. Also, more research is needed to
find out how external and internal influences work together in tornadogenesis.
The two types of storms this study will focus on are supercell storms and quasi-linear
convective systems (QLCS). The next sections will discuss the evolution and characteristics of
QLCS and supercell storms.
2.4 QLCS Storms
Quasi-linear convective systems, also known as squall lines, are a linearly oriented line of
thunderstorms. Sometimes these storms bow out at the center and create what is known as a bow
echo. Bow echoes are caused by a strong rush of flow into the backside of the squall line, which
results in the bow in the line of storms [Allis and Hoffman]. These QLCS storms usually cause
damaging straight line winds and hail, and can occasionally lead to tornadoes. The QLCS is
driven by the storm produced cold pool and environmental shear. Once these two components
balance, the QLCS can travel a great distance. The motion of the cold pool and environmental
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shear leads to the formation of horizontal vorticity [Allis and Hoffman]. As was mentioned
earlier, the interactions of these processes lead to the development of an updraft. The rear inflow
jet is what determines whether or not a QLCS will produce a tornado. If a tornado develops in
the QLCS, it will originate from a mesovortex. Mesovorticies are compact couplets of quickly
spinning air with extremely high vertical vorticity [Allis and Hoffman]. They usually form on the
northern side of the bow echo and usually rotate cyclonically. These mesovorticies generate
strong winds and can produce brief tornadoes that are usually weak. Mesovorticies are low level
storm features within 1 km of the surface, meaning they tend to build upwards [Allis and
Hoffman]. Mesovortex generation can occur by cyclonic-anticyclonic couplets or cyclonic only
vorticies. The gust front from the QLCS can develop bulges, with cyclonic rotation to the north
and anticyclonic rotation to the south of the bulge. Due to baroclinicity across the gust front,
horizontal vorticity is produced. Once a component of the horizontal vorticity is stretched into
the vertical, an updraft maxima stretches the column, intensifies the vertical vorticity, and
produces the mesovorticie [Allis and Hoffman]. This happens both north and south of the bulge,
creating a cyclonic-anticyclonic couplet. If the bow echo is mature, only cyclonic mesovorticies
are produced just north of the bulge. The same mechanism that occurs for the couplet happens,
except in this case the air that creates the bulge comes from the rear inflow jet.
2.5 Supercell Storms
Supercells are storms that have a rotating updraft and horizontally oriented rotation. This is
due to the variation of horizontal winds with height, also known as vertical wind shear. A 50
mile per hour difference in wind speed between the surface wind and winds at 18,000 feet is
usually sufficient to create supercells [Markowski and Richardson, 2013]. Supercell
thunderstorms lead to almost all violent tornadoes (EF-4 and EF-5) and the majority of
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significant tornadoes (EF-2 and stronger). They also last much longer than non-supercell storms,
such as QLCS storms. This is due to the fact that a supercell has a persistent rotating updraft,
which enhances vertical motion, and an updraft-downdraft configuration [Bunkers et al, 2006].
Both of those characteristics of supercells depend on the vertical wind shear. In order for
supercell storms to develop, the environment has to have sufficient vertical wind shear and
instability to favor rotating updrafts. Relative humidity is also important in determining if an
environment can support supercell formation. Tornadogenesis becomes increasingly likely as the
low-level wind shear and relative humidity both increase [Markowski and Richardson, 2013].
Any tornado that forms in this type of environment will be strong-to-violent (EF-3 and stronger).
Enhanced low-level wind shear usually means enhanced low-level streamwise vorticity, which
was discussed earlier. The tilting of this enhanced streamwise vorticity leads to a stronger
mesocyclone in the updraft above the near-ground rotation [Markowski and Richardson, 2013].
The stronger mesocyclone leads to stronger suction in the updraft because the pressure is lower.
Relative humidity also plays a role in the intensification of the near ground rotation. As the lowlevel relative humidity increases, the air parcels from the downdraft tend to be less cold
[Markowski and Richardson, 2013]. This combination of strong suction and air parcels barely
colder than the environment favors intensification of the near-ground rotation. The near ground
rotation will then be strong enough for a tornado to form.
3. Objectives
The primary objective of the thesis will be to document days of tornadic activity in Alabama,
Mississippi, Tennessee, and Georgia from February-May 2014. Each tornado that occurs in this
time frame will be detailed. This will be done by using the NWS offices in the study region to
collect all the pertinent information. The NWS offices that will be used are Huntsville (AL),
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Birmingham (AL), Mobile (AL), Jackson (MS), Memphis (TN), Nashville (TN), and Peachtree
City (GA). The EF-rating of each tornado will be documented, as well as the path length and
path width. This information, along with date and time, will be summarized in a table for every
tornado that occurs. The damage caused by the strongest tornadoes will be detailed as well and
will include structural damage, the uprooting of trees, and damage to power lines. The deaths
and/or injuries resulting from each tornado will be noted in order to see the impacts of the
tornadoes. SPC convective outlooks and any tornado watches issued will be summarized to set
the stage for the resulting tornadoes. This will also indicate how strong the storm systems were
that led to the tornado outbreaks. SPC storm reports for each day of tornadic activity will be
studied to see how many tornado reports were received. This will indicate how bad the tornado
outbreak was and how extensive its effects were. The parent storm that produces each tornado
will be classified, mainly as a QLCS or a supercell. It is possible that a storm could be classified
as other, meaning the storm was neither a QLCS nor a supercell. The main focus of this thesis
will be on tornadoes produced by a QLCS or a supercell, however.
Another main objective of the thesis will be to investigate factors that may have played a role
in the formation of each tornado. The two factors that will be looked at will be external
influences and environmental conditions. There are three types of external influences that will be
discussed in this thesis. They are thermal boundaries, gravity waves, and topography. Which
factor or factors that played a role in the formation of each tornado will be documented. A table
will summarize which external influences affected each tornado. In order to determine if
topography affected a tornado, the terrain that the tornado passed over will be examined. Radar
images will be studied to determine if gravity waves affected a tornado. It will be determined
whether or not the waves were perpendicular or parallel to the parent storm. Surface station
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measurements will be studied to see if thermal boundaries may have played a role in
tornadogenesis. The environmental conditions that were present in the areas where every tornado
formed will be noted. This will be done by examining SPC mesoscale discussions and surface
weather maps. This will include any fronts, low-level jet streams, wind shear, instability
measures, dewpoints, and the upper-level jet stream. The main objective that will be focused on
in the thesis will be the role that external influences played in the formation and evolution of
tornadoes. The hypothesis of the thesis is that external influences are present in a significant
number of tornado events in Alabama, Mississippi, Tennessee, and Georgia. The way the
objectives will be accomplished will now be discussed.
4. Methodology
As was mentioned earlier, all tornadoes that occurred in the study region from February-May
2014 will be documented. This will be accomplished by getting information for each tornado
from the NWS offices in the study region. In Alabama, information from NWS offices in
Huntsville, Birmingham, and Mobile will be utilized. NWS offices in Memphis and Nashville
will provide data for Tennessee. In Mississippi, the Jackson NWS will be used and the NWS
office in Peachtree City will provide data for Georgia. Each of these NWS offices within the
study region provides summaries for each tornado that occurs in a severe weather outbreak.
These summaries will provide data on the EF-rating, path length, and path width of every
tornado. They also will show the starting and ending times of each tornado. They will detail
damage caused by each tornado and the resulting injuries and/or deaths that occur. The SPC
convective outlooks will be used in this study to help determine what environmental conditions
may have led to the formation of tornadic storms. They also have a map that shows the severe
weather risk for each day of an outbreak. The risk will be labeled as high, moderate, or slight and
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a discussion of what is expected in each risk area follows. Any tornado watches issued by the
NWS offices will be documented as well. This will be found by studying the SPC mesoscale
discussions and a breakdown of each county affected by the watch will be given.
This study will use radar data to determine the classification of each parent storm that
produced a tornado. The main classifications this study will focus on are QLCS and supercell.
Radar data will also be utilized to determine if any gravity waves interacted with a particular
tornadic storm. Radar images from the NCDC will be loaded into the NOAA Weather and
Climate Toolkit in order for them to be analyzed. These images will show the presence or
absence of waves, as well as the orientation of the gravity waves in relation to the storm. The
gravity waves will either be parallel or perpendicular to the parent storm. Radar images of some
of the tornadic storms will be included in this paper to show whether or not gravity waves
interacted with them. To determine the effect thermal boundaries may have had on
tornadogenesis, SPC mesoscale discussions will be analyzed. They will indicate the presence or
absence of boundaries in the area where a tornadic storm was. MesoWest will also be used to
determine if thermal boundaries were present. It shows surface station measurements and
variations of parameters between different stations. Google Earth will be used to determine if a
tornado was affected by topography. This will be done by loading tornado track files into Google
Earth and looking to see if the tornado traveled over any topographical features.
5. Outbreak Data
During the study period of February-May 2014, there were two major tornado outbreaks in
the study region. Those were the February 20-21 outbreak and the April 28-29 outbreak. There
were two minor tornado outbreaks, the April 6-7 outbreak and the May 14-15 outbreak. The
outbreak on Feb 20-21 mainly affected the Huntsville CWA and the Jackson CWA, but the
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Birmingham, Peachtree City, and Nashville CWA’s all had one tornado. This storm system
produced 14 tornadoes across the study region. The outbreak on April 6-7 mainly affected the
Jackson CWA, but both the Peachtree City CWA and the Mobile CWA had one tornado. This
storm system only produced 4 tornadoes across the study region. The biggest tornado outbreak
during the study period was the April 28-29 outbreak. This mainly affected the Huntsville,
Jackson, and Birmingham CWA’s, but the CWA’s of Peachtree City, Nashville, and Memphis
also were affected. The Jackson CWA was hit the hardest, with 21 tornadoes touching down,
including the deadly Leake Co, MS EF-4 tornado that devastated the town of Louisville. This
storm system produced 55 tornadoes across the study region. The outbreak on May 14-15
affected the Birmingham and Peachtree City CWA’s. The storm system produced 5 tornadoes
across the region of study. Overall, 78 tornadoes touched down in the study region from
February-May 2014. Table 1 summarizes all of the tornadoes that occurred in the study region.
The two strongest outbreaks will be further discussed in greater detail in the following sections.
5.1 February 20-21 Tornado Outbreak
This tornado outbreak affected the Huntsville, Jackson, Birmingham, Nashville, and
Peachtree City CWA’s. A total of 14 tornadoes touched down across the study region, with the
majority touching down in the Huntsville and Jackson CWA’s. The Huntsville CWA took the
brunt of the storm, with 8 tornadoes touching down. The events of the outbreak in the Huntsville
and Jackson CWA’s will be detailed.
5.1.1 Huntsville, AL CWA
A line of strong to severe thunderstorms moved into northern Alabama and southern middle
Tennessee during the evening hours of the 20th. This line was ahead of a cold front, which was
associated with a strong low pressure system. Lots of wind energy was in place ahead of this
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system. At the 850 mb level of the atmosphere, 50-70 knot winds were present over the
Huntsville CWA. The line of storms was a QLCS that prompted numerous severe thunderstorm
warnings and several tornado warnings. The SPC Day 1 Convective Outlook issued at 1937 UTC
on February 20 had a slight risk of severe storms for much of the Huntsville CWA. The extreme
northwest corner of the region had a moderate risk. The SPC outlook issued at 0100 UTC on the
21st had a moderate risk for the western part of the CWA and a slight risk for the eastern part of
the CWA (Fig. 1). The SPC stated that multi-banded storms would continue to develop within a
zone of pre-cold frontal low-level confluence across the region. Prior to the line of storms
moving through, Tornado Watch #16 was issued and was in effect from 0050 UTC until 0900
UTC. This watch included all of the Huntsville CWA and is shown in Figure 2. The primary
threats for the watch area were several tornadoes, damaging wind gusts to 75 mph, and large
hail. The threat for tornadoes across the CWA was expected to persist through 0400 UTC.
The first tornado in the Huntsville CWA touched down at 0245 UTC in northern Lawrence
County, AL. It was rated an EF-1 with peak winds of 105 mph and traveled through Coxey, AL.
Trees and utility poles were snapped and several homes had minor damage. At 0251 UTC, a
tornado touched down in Rogersville, AL. It was EF-1 intensity and had peak winds of 100 mph.
Many large trees were uprooted and snapped and several homes received minor roof damage. A
few minutes later, a tornado touched down in Anderson, AL in Lauderdale County. It was also
EF-1 strength and had peak winds of 105 mph, resulting in 1 injury. Multiple trees were uprooted
or snapped and several homes had minor to moderate roof damage. At 0305 UTC, a tornado
touched down in Cartwright, AL. It was rated EF-1 and had peak wind speeds of 105 mph.
Power poles were snapped and there was minor tree damage. At 0353 UTC, a tornado hit Marble
Hill, TN. It was an EF-1 with peak winds of 95 mph and it damaged several barns and farm
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structures. Large trees were uprooted and a home had minor siding damage. A tornado touched
down in Tim’s Ford, TN at 0408 UTC. It was also EF-1 strength and had peak wind speeds of 95
mph. Numerous trees were uprooted, a home had roof damage, and a large outbuilding was
destroyed. One home had a roof of a barn blow through the side of it. At 0423 UTC, a tornado
touched down in Estill Springs, TN. It was rated EF-1 and had peak wind speeds of 100 mph. It
uprooted a large swath of trees and destroyed a large outbuilding. The strongest tornado in the
CWA touched down at 0628 UTC in Fort Payne, AL. It was rated EF-2 and had maximum wind
speeds of 125 mph, resulting in 1 injury. Several homes had significant structural damage and a
tractor trailer was flipped onto the roof of a plant.
5.1.2 Jackson, MS CWA
A strong cold front encountered strong wind energy aloft as it raced through the Mississippi
River Valley. A line of severe thunderstorms was triggered as the front encountered deep
moisture in the atmosphere. This line of storms was part of a QLCS and it moved through the
CWA in the late evening hours of the 20th. The SPC Day 1 Convective Outlook issued at 1937
UTC had a slight risk of severe weather across the entire region. The outlook issued at 0100
UTC on the 21st still had a slight risk for the majority of the area, but the northeastern part of the
CWA had a moderate risk for severe storms (Fig. 1). Tornado Watch #15 was issued for the
majority of the CWA and was in effect from 0005 UTC until 0700 UTC (Fig. 3). The SPC stated
there was an adequate environment for tornado development in the region. The first tornado in
the CWA touched down at 0148 UTC near Columbia, MS. It was rated an EF-0 and had peak
winds of 75 mph. At 0328 UTC, a tornado touched down near Moselle, MS and was rated an EF1. It had peak winds of 90 mph and heavily damaged a large shed. The last tornado to touch
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down in the CWA hit Ellisville, MS at 0350 UTC. It was rated an EF-0 and had maximum winds
of 80 mph.
5.2 April 28-29 Tornado Outbreak
This outbreak affected the CWA’s of Huntsville, Jackson, Birmingham, Nashville, Peachtree
City, and Memphis. There were a total of 55 tornadoes that touched down across the study
region, most of them in the Huntsville, Birmingham, and Jackson CWA’s.
5.2.1 Huntsville, AL CWA
Supercell thunderstorms developed in the northwest part of the CWA during the afternoon of
the 28th. This activity developed well ahead of a cold front in the warm sector. The atmospheric
conditions were perfect for the development of tornadic storms. This storm system moved slowly
east and lasted until the early morning hours of the 29th in the CWA. The main mode of storms
was supercells, the majority of them non-discrete. The SPC Day 1 Convective Outlook issued at
1919 UTC had a moderate risk of severe storms for the majority of the CWA (Fig. 4). The far
western part of the CWA had a high risk of severe weather. The SPC expected numerous
tornadoes, some intense, very large hail, and damaging straight line winds in the CWA. They
also expected multiple strong, long track tornadoes to be possible. PDS Tornado Watch #108
was issued at1740 UTC and was in effect until 0200 UTC (Fig. 5). This included all of the CWA
and the primary threat was intense tornadoes. The SPC stated that a combination of moderate
instability and CAPE values near 2000 J/kg would support the development of supercells. At
0100 UTC, Tornado Watch #113 was issued and was in effect until 0800 UTC (Fig. 6). Except
for the northwestern part, the majority of the CWA was included in this watch.
The first tornado that touched down in the Huntsville CWA hit Russellville, AL at 2056
UTC. It was rated an EF-1 and had peak winds of 110 mph. It damaged athletic fields, knocked

20

several trees down on houses, and twisted numerous trees. At 2147 UTC, a tornado touched
down at Bay Hill Marina in Limestone Co, AL and it was rated an EF-3. It had peak winds of
140 mph and caused 30 injuries and 2 fatalities. A condominium was destroyed, several docks
were demolished, trailers were demolished, and several homes had significant roof loss. A
tornado touched down near Hazel Green, AL at 2250 UTC. It was rated an EF-1 and had
maximum wind speeds of 105 mph. Several homes had minor roof damage, a carport was
collapsed, and numerous trees were uprooted. At 2309 UTC, a tornado touched down in Lincoln
Co, TN and hit the town of Flintville. It was rated an EF-2 and had peak winds of 115 mph. It
destroyed two metal sheds, damaged a farm complex, and pushed a mobile home off its
foundation. Another tornado touched down in Lincoln Co, TN at 0109 UTC and it was rated an
EF-3. It had peak winds of 160 mph and led to 2 fatalities. Three houses were almost completely
destroyed, mobile homes were destroyed, and several barns were demolished. At 0118 UTC, a
tornado hit near Flat Rock, AL and was rated an EF-1. It had peak winds of 100 mph and caused
significant roof and siding damage to a house. A tornado touched down in Welti, AL at 0239
UTC and was rated an EF-3. It had maximum winds of 145 mph and caused severe damage to a
brick home. At 0532 UTC, a tornado touched down in Etowah Co, AL and moved into DeKalb
Co, AL. It was rated an EF-3 and had peak winds of 155 mph. It heavily damaged numerous
houses, demolished mobile homes, and lifted a home off of its foundation. At 0554 UTC, another
tornado touched down in DeKalb Co, AL near the town of Dawson. It was rated an EF-2 and had
maximum wind speeds of 115 mph. It severely damaged several large farm buildings and almost
destroyed a small home. A little while later, at 0606 UTC, a tornado touched down in Fort
Payne, AL. It was rated an EF-2 and had peak winds of 115 mph. A mobile home was rolled and
separated from its frame and numerous trees were uprooted. A tornado touched down in Aroney,
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AL at 0628 UTC and was rated an EF-0. It had a maximum wind speed of 85 mph and damaged
a farm building. At 0636 UTC, a tornado touched down near Mentone, AL and was rated an EF1. It had peak winds of 105 mph and caused minor structural damage to barns and outbuildings.
At 0723 UTC, the last tornado in the CWA touched down in Pumpkin Center, AL. It was rated
an EF-1 and had maximum wind speeds of 100 mph. It destroyed a large barn and uprooted or
snapped numerous trees.
5.2.2 Birmingham, AL CWA
The region had high levels of moisture and instability to trigger severe thunderstorms. There
was also a large amount of wind shear in the atmosphere. The combination of moisture,
instability, and wind shear meant the conditions were perfect for tornadoes to develop. The main
storm mode was supercells and they occurred in several waves. The SPC Day 1 Convective
Outlook issued at 1919 UTC had a slight risk for the eastern part of the CWA, a moderate risk
for the western part, and a high risk for the extreme northwest part. PDS Tornado Watch #108
was in effect from 1740 UTC until 0200 UTC on the 21st and included the extreme northwest
part of the CWA (Fig. 5). Tornado Watch #113 was in effect from 0100 UTC until 0800 UTC
and included the majority of the CWA (Fig. 6). The strongest tornado to touch down in the CWA
hit Russell Co, AL at 0856 UTC. It was rated an EF-3 and had maximum winds of 140 mph. It
caused 13 injuries and completely destroyed several homes. A tornado hit Bessemer, AL at 0416
UTC and was rated an EF-2. It had peak winds of 120 mph and destroyed a golf course
clubhouse.
5.2.3 Jackson, MS CWA
This region had strong wind shear in the atmosphere and it combined with rich gulf moisture
to setup a volatile atmospheric mix. Multiple supercell storms developed during the afternoon
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and evening and several long-tracked tornadoes occurred across the CWA. This region saw the
worst of the tornadic activity. The SPC Day 1 Convective Outlook issued at 1919 UTC had a
high risk of severe storms for a large part of the CWA and a moderate risk for other parts of the
CWA. PDS Tornado Watch #108 issued at 1740 UTC included a large portion of the CWA (Fig.
5). Tornado Watch #113 issued at 0100 UTC on the 21st included a large part of the CWA (Fig.
6). The strongest tornado of the whole outbreak occurred in Leake Co, MS at 2051 UTC. It was
rated an EF-4 and had peak winds of 185 mph. It caused 10 fatalities and devastated the town of
Louisville, MS. Numerous homes and several industrial buildings were completely destroyed. In
many cases, only the foundation was left of each house.
6. External Influences Data
The hypothesis for this paper is that external influences are present in a significant number of
tornado events in Alabama, Mississippi, Tennessee, and Georgia. The analysis of the effect
external influences had on tornadoes during the study period agrees with the hypothesis. It
appears that topography, gravity waves, and thermal boundaries all affected multiple tornadoes
across the study region. The main focus for the external influences analysis will be the Huntsville
CWA. The effect that all three external influences that were studied had on tornadoes was
analyzed for the Huntsville CWA. For the Birmingham, Jackson, and Peachtree City CWA’s,
only the effect of topography was analyzed. The topography effect will be briefly discussed for
the CWA’s just mentioned. The effect that all three external influences had on tornadoes in the
Huntsville CWA will be discussed in much greater detail. Table 2 provides a summary of what
external influences affected each of the 21 tornadoes that occurred in the Huntsville CWA. The
following three sections will discuss each of the external influences and their effect on tornadoes
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in the Huntsville CWA. The fourth section will briefly discuss the effect of topography on
tornadoes in the other three CWA’s mentioned.
6.1 Topographical Effects I
As shown in Table 2, it was found that 17 of the tornadoes in the Huntsville CWA appeared
to be affected by topography. For the Hazel Green, AL and Flintville, TN tornadoes, track files
were not provided by the Huntsville NWS. Topography did not appear to affect the Estill
Springs, TN and Aroney, AL tornadoes. First, the effect that topography had on tornadoes in the
February 20-21 outbreak will be discussed. The Coxey, AL EF-1 tornado was slightly affected
by topography. It touched down as an EF-0 and reached EF-1 intensity after crossing over a
series of hills. The tornado mostly traveled over flat ground during its path. The Rogersville, AL
EF-1 tornado was slightly affected by topography. It touched down as an EF-1 at the base of a
hill and dissipated after moving over small hills. Topography slightly affected the Anderson, AL
EF-1 tornado. After reaching its peak intensity, it weakened after crossing over a series of hills.
The Cartwright, AL EF-1 tornado was slightly affected by topography. It touched down as an
EF-0 and strengthened to EF-1 intensity after moving over several hills. The Marble Hill, TN
EF-1 tornado was slightly affected by topography. Initially EF-0 strength, it reached EF-1
intensity after descending a hill and dissipated as it ascended higher terrain. Topography had a
slight affect on the Tim’s Ford, TN EF-1 tornado. It dissipated right after moving over hilly
terrain. The Fort Payne, AL EF-2 tornado was greatly affected by topography. It touched down
as an EF-1 at the base of a large hill. After descending a hill, the tornado intensified to EF-2
strength. The tornado dissipated as it approached mountainous terrain.
The effect that topography had on tornadoes in the April 28-29 outbreak will now be
discussed. The Russellville, AL EF-1 tornado was slightly affected by topography. It weakened
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to EF-0 strength after moving over hilly terrain and then strengthened to EF-1 intensity after
descending a hill. After moving over more hills, the tornado dissipated. Topography had a slight
affect on the Limestone Co, AL EF-3 tornado. After touching down as an EF-3, it weakened to
EF-1 intensity after it crossed over several hills. The Lincoln Co, TN EF-3 tornado was slightly
affected by topography. It touched down as an EF-1 and intensified to EF-3 strength after
ascending an incline. The tornado dissipated as it was approaching several large hills.
Topography slightly affected the Flat Rock, AL EF-1 tornado. Initially an EF-0, it intensified to
EF-1 strength after moving over hilly terrain. The tornado dissipated after moving over more
hills. The Welti, AL EF-3 tornado was significantly affected by topography. It touched down as
an EF-1 and weakened to EF-0 after ascending a hill. It descended a hill and intensified to EF-2
strength. It eventually weakened to EF-1 intensity after moving over hilly terrain. After
intensifying to EF-2 strength, it re-intensified to EF-3 strength after descending a large hill. It
then dissipated as it approached several hills. Topography significantly affected the EtowahDeKalb Co, AL EF-3 tornado. After touching down as an EF-1, it reached EF-3 intensity after
passing over a lot of hills. After crossing over more hilly terrain, it weakened to EF-2 and then
EF-1 strength. The tornado weakened significantly after crossing over several more hills and
dissipated as it moved into mountainous terrain. The Dawson, AL EF-2 tornado was slightly
affected by topography. Initially EF-1 strength, it intensified to EF-2 strength after crossing over
hilly terrain. Topography had a significant effect on the Fort Payne, AL EF-2 tornado. It touched
down as an EF-0 at the base of a large hill and intensified to EF-1 strength after descending a
hill. After weakening to an EF-0, it strengthened to EF-1 intensity after descending a mountain.
It reached EF-2 intensity after moving over more mountainous terrain. It dissipated after
descending Pine Ridge after weakening to EF-0 strength. The Mentone, AL EF-1 tornado was
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moderately affected by topography. Initially an EF-1, it weakened to EF-0 intensity after
crossing over a mountain. The tornado then intensified to EF-1 strength after ascending a slope
of Lookout Mountain. Topography had a very slight effect on the Pumpkin Center, AL EF-1
tornado. Initially an EF-1, it weakened to EF-0 strength after moving over a hill.
6.2 Gravity Wave Effects
As shown in Table 2, it was found that 6 of the tornadoes that touched down in the Huntsville
CWA were affected by gravity waves. None of the tornadoes in the February 20-21 outbreak
were affected by gravity waves. The Russellville, AL EF-1 tornado did appear to be affected by a
gravity wave that was perpendicular to the storm. At 20:50 UTC, an area of lighter reflectivity
was approaching the storm from the south. Five minutes later, the storm intensified and
developed a more pronounced hook as the reflectivity segment strengthened and moved closer
(Fig. 7). The tornado touched down in northwest Russellville just one minute later. At 2100
UTC, the RS had intersected the storm and a hook was still visible. A gravity wave that was
parallel to the storm appeared to affect the Lincoln Co, TN EF-3 tornado. At 0114 UTC, the
tornado was in progress and the storm had a slight hook. A reflectivity segment was located just
to the southeast of the storm. Five minutes later, the hook on the storm was much more
pronounced after interaction with the RS (Fig. 8). The Flat Rock, AL EF-1 tornado appears to
have been affected by a gravity wave that was perpendicular to the storm. At 0119 UTC, just
after the tornado touched down, a RS was approaching the storm from the southeast. Four
minutes later, the storm had intensified and developed a bigger hook after interacting with the
RS. A gravity wave that was parallel to the storm appeared to affect the Welti, AL EF-3 tornado.
At 0239 UTC, the tornado touched down and an area of lighter reflectivity was heading towards
the storm from the south. Four minutes later, the storm had intensified after interacting with the
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RS. The Etowah-DeKalb Co, AL EF-3 tornado was likely affected by a gravity wave that was
parallel to the storm. At 0526 UTC, a reflectivity segment was approaching the storm from the
south. Four minutes later, the storm developed a prominent hook after interacting with the RS
(Fig. 9). The tornado touched down a few minutes later just to the east of Sardis City. A gravity
wave that was perpendicular to the storm appeared to affect the Mentone, AL EF-1 tornado. At
0631 UTC, a RS was approaching the storm from the southeast. Five minutes later, the storm had
a pronounced hook after interacting with the RS.
6.3 Thermal Boundary Effects
As shown in Table 2, thermal boundaries affected 7 of the tornadoes in the Huntsville CWA.
It was unknown whether or not boundaries affected 12 of the tornadoes in the CWA. This is due
to lack of weather stations around the area where tornadogenesis occurred and gaps in station
coverage. The Tim’s Ford, TN and Mentone, AL tornadoes were not affected by thermal
boundaries. The Rogersville, AL tornado on February 20 was slightly affected by a thermal
boundary. The station at Rogersville showed that there was a sharp drop in pressure at 0237
UTC. There was also an increase in relative humidity and dewpoint and fluctuations in wind
speed. The tornado touched down about 15 minutes later. A boundary slightly affected the Estill
Springs, TN tornado. At 0415 UTC, the nearby station showed that there was a sharp drop in
temperature and a sharp increase in relative humidity. The station also indicated a drop in
pressure at that time. The tornado touched down less than ten minutes later. The Fort Payne, AL
tornado was greatly affected by a boundary. At 0620 UTC, the nearby station showed that there
was a very sharp and sudden drop in temperature and dewpoint. There was also a drop in the
wind speed at that time. The tornado touched down about eight minutes later.
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The Limestone Co, AL tornado on April 28 was greatly affected by a boundary. At 2139
UTC, a nearby station showed a drop in temperature and an increase in relative humidity. There
was also a sharp change in wind direction and a sharp increase in pressure. The tornado touched
down at 2147 UTC. A boundary greatly affected the Flintville, TN tornado. At 2301 UTC,
nearby stations showed that there was a sharp drop in pressure and a drop in temperature. There
was also a large increase in relative humidity. The tornado touched down a short time later at
2309 UTC. The Lincoln Co, TN tornado was slightly affected by a boundary. At 0103 UTC,
nearby stations showed fluctuations in wind speed and sharp changes in wind direction. The
tornado touched down just six minutes later. The Pumpkin Center, AL tornado was slightly
affected by a boundary. At 0719 UTC, a nearby station showed a sharp increase in pressure and a
sharp change in wind direction. The tornado touched down at 0723 UTC just south of the station.
6.4 Topographical Effects II
For the Birmingham, Jackson, and Peachtree City CWA’s, only topographical effects on
tornadoes were studied. Topography affected 20 of the tornadoes that occurred in the
Birmingham CWA. The Rockledge, AL tornado on April 29 was significantly affected by
topography, as it interacted with mountains. The Springville, AL and Russell-Lee Co, AL
tornadoes were also significantly affected by topography. A total of 20 tornadoes were affected
by topography in the Jackson CWA. The majority of those tornadoes were only slightly affected
by topographical features. The Leake Co, MS tornado was greatly affected by topography, as it
interacted with numerous hills. The Sandersville, MS and Hinds Co, MS tornadoes also were
significantly influenced by topography. Topography affected 4 of the tornadoes that occurred in
the Peachtree City CWA. Only the Whitfield Co, GA tornado was greatly affected by
topography.
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7. Discussion and Conclusions
The hypothesis of this paper stated that external influences are present in a significant
number of tornado events in Alabama, Mississippi, Tennessee, and Georgia. The data obtained
during the study period of February-May 2014 support the hypothesis. In the Huntsville CWA,
the majority of the tornadoes that occurred were affected by at least one of the external
influences discussed. In the Birmingham CWA, a majority of the tornadoes that touched down
were affected by topography. Topography affected a majority of the tornadoes that occurred in
the Jackson CWA as well. The same is true for the Peachtree City CWA, as 4 of the 6 tornadoes
that developed were affected by topography. So the data show that a significant number of the
tornadoes that occurred in the study region during the February-May 2014 period were affected
by external influences. This study answers the question of whether or not external influences can
have an effect on tornadoes. It does not, however, answer the question of how do external
influences work. There is still a lot of research to be done in order to truly understand the way
that topography, gravity waves, and thermal boundaries affect tornadoes. This study can be used
as a guide for other research into external influences. The way that some of the tornadoes in this
study interacted with topography could refute or strengthen beliefs about how topography affects
tornadoes. The same could be said for gravity waves and thermal boundaries, as the way they
interacted with tornadoes in this study can give more insight into how they affect tornadoes.
Future work will look at each external influence in more detail and investigate further the affect
each had on tornadoes in this study. Future work will also include investigating the effect gravity
waves and thermal boundaries had on tornadoes in the other 6 CWA’s in this study.
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Table 1: Tornadoes that occurred in the study region from February-May 2014
Date

Time

Location

Rating

Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 21
Feb. 21
Feb. 21
Apr. 6
Apr. 7
Apr. 7
Apr. 7
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28

7:48 PM
8:45-9:00 PM
8:51-8:53 PM
8:55-8:58 PM
9:05-9:09 PM
9:28-9:35 PM
9:50-9:51 PM
9:53-9:55 PM
10:08-10:09 PM
10:23-10:25 PM
10:29-10:30 PM
12:28-12:31 AM
1:56-2:00 AM
8:21-8:41 AM
7:41-7:43 PM
2:02-2:24 AM
6:52 AM
9:50-9:52 PM
12:37-12:39 PM
1:57 PM
2:42-3:20 PM
2:51-2:56 PM
3:51-4:47 PM
3:56-4:02 PM
4:47-5:14 PM
4:55-5:05 PM
5:14-5:29 PM
5:18-5:28 PM
5:20-5:42 PM
5:38-5:53 PM
5:39-5:41 PM
5:48-6:05 PM
5:50-6:05 PM
5:53-6:15 PM
6:00-6:06 PM
6:08-6:19 PM
6:09-6:24 PM
6:13-6:14 PM
6:18-6:33 PM

Columbia, MS
Coxey, AL
Rogersville, AL
Anderson, AL
Cartwright, AL
Moselle, MS
Ellisville, MS
Marble Hill, TN
Tim’s Ford, TN
Estill Springs, TN
Pelham, TN
Fort Payne, AL
Branchville, AL
Dublin, GA
Forestdale, MS
Collins, MS
Evergreen, AL
Griffin, GA
White Co, TN
Yazoo Co, MS
Lee Co, MS
Montgomery Co, MS
Leake Co, MS
Russellville, AL
Limestone Co, AL
Warren Co, MS
Noxubee Co, MS
Obion Co, TN
Edwards, MS
Hamilton, AL
Crawford, MS
Utica, MS
Hazel Green, AL
Lowndes Co, MS
Madison Co, MS
Columbus, MS
Flintville, TN
Canton, MS
Lowndes Co, MSLamar Co, AL

EF-0
EF-1
EF-1
EF-1
EF-1
EF-1
EF-0
EF-1
EF-1
EF-1
EF-1
EF-2
EF-0
EF-2
EF-1
EF-2
EF-0
EF-1
EF-1
EF-0
EF-3
EF-1
EF-4
EF-1
EF-3
EF-1
EF-1
EF-2
EF-1
EF-0
EF-1
EF-1
EF-1
EF-2
EF-1
EF-1
EF-2
EF-0
EF-1

Path
Length
¼ mile
10.7 miles
1.8 miles
2.7 miles
2.7 miles
4.5 miles
½ mile
1.6 miles
1.1 miles
2 miles
1.2 miles
.8 miles
4.2 miles
17 miles
1.25 miles
16 miles
¾ mile
.94 miles
2.1 miles
.25 miles
31 miles
3.3 miles
34.3 miles
3.2 miles
15.6 miles
4.8 miles
7.5 miles
10.5 miles
13.8 miles
7.6 miles
.7 miles
10.9 miles
8.9 miles
10.4 miles
3.8 miles
6.3 miles
9.5 miles
1 mile
9.7 miles

Path Width
50 yards
450 yards
400 yards
500 yards
500 yards
100 yards
50 yards
400 yards
100 yards
400 yards
250 yards
50 yards
150 yards
200 yards
150 yards
600 yards
150 yards
150 yards
100 yards
50 yards
.25 miles
100 yards
.75 miles
100 yards
600 yards
200 yards
100 yards
150 yards
500 yards
100 yards
100 yards
300 yards
100 yards
300 yards
200 yards
250 yards
250 yards
75 yards
500 yards

Parent
Storm Type
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
QLCS
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
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Date

Time

Location

Rating

Path Width

EF-3
EF-2

Path
Length
30.1 miles
14.5 miles

400 yards
500 yards

Parent
Storm Type
Supercell
Supercell

Apr. 28
Apr. 28

6:27-7:15 PM
6:38-7:02 PM

Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 29
Apr. 29

6:46-6:48 AM
7:00-7:10 PM
7:08-7:19 PM
7:35-7:43 PM
7:36-7:44 PM
7:58-8:12 PM
8:09-8:33 PM
8:12-8:31 PM
8:18-8:29 PM
8:35-8:55 PM
8:40-8:43 PM
9:30-9:43 PM
9:39-9:52 PM
9:39-9:58 PM
9:59-10:20 PM
10:00-10:17 PM
10:13-10:23 PM
10:55-11:04 PM
11:00-11:19 PM
11:05-11:10 PM
11:16-11:25 PM
11:22-11:35 PM
12:24-12:43 AM
12:32-12:47 AM

Apr. 29
Apr. 29
Apr. 29
Apr. 29
Apr. 29
Apr. 29
Apr. 29
Apr. 29
May 14
May 14
May 14
May 14
May 15

12:54-1:00 AM
1:06-1:27 AM
1:17-1:27 AM
1:28-1:32 AM
1:36-1:51 AM
2:23-2:25 AM
3:25-3:27 AM
3:56-4:12 AM
2:18-2:20 PM
2:21-2:25 PM
3:28-3:29 PM
11:49-11:54 PM
12:03-12:13 AM

Hinds Co, MS
Lowndes Co, MSPickens Co, AL
Shelby Co, TN
Troup Co, GA
Leake Co, MS
Glen Allen, AL
Forest, MS
Lake, MS
Lincoln Co, TN
Decatur, MS
Flat Rock, AL
Newton Co, MS
Boldo, AL
Siloam, AL
Sandersville, MS
Welti, AL
Little Sandy, AL
Kimberly, AL
Adamsville, AL
E. Brookwood, AL
North Johns, AL
Whitfield Co, GA
Bessemer, AL
Oneonta, AL
Springville, AL
Etowah-DeKalb Co,
AL
Dawson, AL
Fort Payne, AL
Rockledge, AL
Aroney, AL
Mentone, AL
Pumpkin Center, AL
Society Hill, AL
Russell-Lee Co, AL
Perote, AL
Alexander City, AL
Clay Co, AL
Eastman, GA
Banks Co, GA

EF-0
EF-2
EF-1
EF-1
EF-3
EF-1
EF-3
EF-2
EF-1
EF-1
EF-1
EF-1
EF-3
EF-3
EF-1
EF-1
EF-2
EF-1
EF-1
EF-1
EF-2
EF-1
EF-2
EF-3

1.5 miles
5.5 miles
5.2 miles
7.1 miles
4.2 miles
9.8 miles
26.8 miles
6.2 miles
6.1 miles
13.7 miles
4.9 miles
1.1 miles
8.9 miles
8.9 miles
12.5 miles
8.7 miles
5.5 miles
4.4 miles
7.5 miles
3.4 miles
4.9 miles
7.8 miles
14.6 miles
11.9 miles

75 yards
150 yards
100 yards
350 yards
150 yards
150 yards
500 yards
400 yards
100 yards
100 yards
150 yards
150 yards
.5 miles
350 yards
1500 yards
800 yards
1800 yards
675 yards
913 yards
100 yards
600 yards
1000 yards
1300 yards
600 yards

QLCS
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell

EF-2
EF-2
EF-1
EF-0
EF-1
EF-1
EF-0
EF-3
EF-0
EF-0
EF-0
EF-0
EF-1

2.5 miles
11.7 miles
6.3 miles
2.4 miles
10.2 miles
1.1 miles
1.2 miles
11.5 miles
.9 miles
1.9 miles
.1 mile
1.8 miles
7.8 miles

200 yards
200 yards
200 yards
75 yards
200 yards
200 yards
75 yards
1200 yards
200 yards
150 yards
30 yards
100 yards
200 yards

Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
Supercell
QLCS
QLCS
QLCS
QLCS
QLCS
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Table 2: External Influences on Tornadoes in Huntsville, AL CWA from February-May
2014
Date

Location

Rating

Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 20
Feb. 21
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 28
Apr. 29

Coxey, AL
Rogersville, AL
Anderson, AL
Cartwright, AL
Marble Hill, TN
Tim’s Ford, TN
Estill Springs, TN
Fort Payne, AL
Russellville, AL
Limestone Co, AL
Hazel Green, AL
Flintville, TN
Lincoln Co, TN
Flat Rock, AL
Welti, AL
Etowah-DeKalb
Co, AL
Dawson, AL
Fort Payne, AL
Aroney, AL
Mentone, AL
Pumpkin Center,
AL

Apr. 29
Apr. 29
Apr. 29
Apr. 29
Apr. 29

EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-2
EF-1
EF-3
EF-1
EF-2
EF-3
EF-1
EF-3
EF-3

Topography
Effects?
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Unknown
Unknown
Yes
Yes
Yes
Yes

Gravity Wave Thermal Boundary
Effects?
Effects?
No
Unknown
No
Yes
No
Unknown
No
Unknown
No
Unknown
No
No
No
Yes
No
Yes
Yes
Unknown
No
Yes
No
Unknown
No
Yes
Yes
Yes
Yes
Unknown
Yes
Unknown
Yes
Unknown

EF-2
EF-2
EF-0
EF-1
EF-1

Yes
Yes
No
Yes
Yes

No
No
No
Yes
No

Unknown
Unknown
Unknown
No
Yes
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Figure 1. Map of the SPC Day 1 Convective Outlook issued at 0100 UTC on February 21, 2014,
valid until 1200 UTC. The red shading indicates a moderate risk for severe storms, the yellow
shading indicates a slight risk for severe storms, and green shading indicates a risk for ordinary
thunderstorms.

Figure 2. Map of the counties that were affected by Tornado Watch #16 on February 21, 2014. It
was issued at 0050 UTC by the SPC and remained in effect until 0900 UTC. The counties that
were under the tornado watch are shaded in red.
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Figure 3. Map of the counties that were affected by Tornado Watch #15 on February 21, 2014. It
was issued at 0005 UTC by the SPC and remained in effect until 0700 UTC. The counties that
were under the tornado watch are shaded in red.

Figure 4. Map of the SPC Day 1 Convective Outlook issued at 1919 UTC on April 28, 2014,
valid until 1200 UTC on the 29th. The pink shading indicates a high risk for severe storms, red
shading indicates a moderate risk, yellow shading indicates a slight risk, and green shading
indicates a risk for ordinary storms.
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Figure 5. Map of the counties that were affected by PDS Tornado Watch #108 on April 28, 2014.
It was valid from 1740 UTC until 0200 UTC on the 29th. The counties that were under the watch
are shaded in red.

Figure 6. Map of the counties that were affected by Tornado Watch #113 on April 29, 2014. It
was valid from 0100 UTC until 0800 UTC. The counties that were under the watch are shaded in
red.
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Figure 7. Radar images of the Russellville, AL storm on April 28, 2014. The top image shows a
reflectivity segment approaching the storm from the south at 2050 UTC. The bottom image
shows that the RS has strengthened and moved closer to the storm at 2055 UTC. There is now a
more pronounced hook on the storm. The tornado touched down one minute later in northwest
Russellville.
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Figure 8. Radar images of the Lincoln Co, TN storm on April 28, 2014. The top image shows a
reflectivity segment just to the southeast of the storm at 0114 UTC. There is a slight hook on the
storm at this point. The bottom image at 0119 UTC shows a much more pronounced hook after
the storm interacted with the RS. The tornado was in progress in both images.
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Figure 9. Radar images of the Etowah-DeKalb Co, AL storm on April 29, 2014. The top image
shows reflectivity segments approaching the storm from the south at 0526 UTC. There was a
slight hook on the storm at that time. The bottom image at 0530 UTC shows a more pronounced
hook on the storm after it interacted with the RS’s. The tornado touched down just east of Sardis
City at 0532 UTC.
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Appendix

A

List of acronyms used in proposal

CAPE

Convective Available Potential Energy

CWA

County Warning and Forecast Area

EF

Enhanced Fujita

NCDC

National Climatic Data Center

NOAA

National Oceanic and Atmospheric Association

NWS

National Weather Service

PDS

Particularly Dangerous Situation

QLCS

Quasi-Linear Convective System

RS

Reflectivity Segment

SPC

Storm Prediction Center

UTC

Universal Time Coordinate

VORTEX

Verification of the Origins of Rotation in Tornadoes
Experiment

